Introduction
MicroRNAs (miRNAs/miRs) consist of a large family of non-coding, single-stranded RNA molecules that are 18-22 nucleotides long. These RNA molecules modulate gene expression post-transcriptionally by regulating the translation and stability of mRNAs. This regulation is achieved through complete or incomplete sequence matching between miRNAs and the 3'untranslated regions of the target mRNA (1) . So far, thousands of mature miRNAs have been identified, of which ~2,600 human miRNAs have been annotated in the miRbase database (http://www.mirbase.org/).
The incidence of papillary thyroid carcinoma (PTC) continues to increase worldwide (2) , and it has been demonstrated that miRNAs may contribute to occurrence and progression of the disease. Differential miRNA expression has been reported in PTC vs. normal tissue samples (3) (4) (5) ; certain miRNAs, including serum miR-34a, -155, -197, -221, -224 and -375, can be used as diagnostic and prognostic indicators of thyroid cancer (6, 7) . The mechanism of action for miR-150, -422a, -18a and -19a in human thyroid cancer has been studied to some extent (8) (9) (10) ; however, there are still a number of miRNAs that may be biologically relevant for the development of thyroid cancer.
Human miR-486 is situated on the short arm of chromosome 8p11 within the ankyrin 1 gene and is transcribed from an intron (11) . Genomic deletion of miR-486-5p has been associated with various cancers, including colorectal, lung, pancreatic and gastric cancer (12) (13) (14) (15) (16) . However, to the best of our knowledge, only one study to date has investigated the function of miR-486-5p in thyroid cancer. Ma et al (17) demonstrated that the fibrillin 1 (FBN1) gene is a distinct molecular target Downregulation of miR-486-5p in papillary thyroid carcinoma tissue: A study based on microarray and miRNA sequencing for miR-486-5p in PTC cells. In addition, reduced miR-486-5p expression levels were identified in PTC tissues and cell lines, and miR-486-5p was demonstrated to suppress cell growth and enhance apoptosis in PTC. A limitation of this study was the small sample size; therefore, it is necessary to further explore the expression of miR-486-5p in thyroid cancer in a larger cohort to better understand the underlying molecular mechanisms. The Cancer Genome Atlas (TCGA; https://cancergenome. nih.gov/) is a comprehensive database of key genetic mutations responsible for different types of cancer, which is generated by the National Cancer Institute and the National Human Genome Research Institute (18) . The Gene Expression Omnibus (GEO; https://www.ncbi.nlm.nih.gov/geo/) was released by the National Center for Biotechnology Information in 2000 and is a public functional genomics data repository, which contains gene chip expression data as well as data from non-chip technologies, including serial analysis of gene and mass spectrometry (19) . ArrayExpress (https://www.ebi.ac.uk/arrayexpress/) is an archive of functional genomics data from microarray and sequencing platforms (20) . These databases offer an excellent source of information for studying the importance of miRNAs in PTC.
TCGA database was used to evaluate the expression levels of miR-486-5p in 507 patients with PTC and to analyze its association with clinical parameters. In addition, miR-486-5p expression data were extracted, and verified by GEO and ArrayExpress. Subsequently, the miR-486-5p target mRNAs were identified through 12 miRNA-mRNA prediction platforms. Finally, the potential molecular mechanisms by which miR-486-5p may contribute to PTC were investigated using bioinformatics tools.
Materials and methods
TCGA miR-486-5p data analysis. TCGA contains miRNA sequencing data from 507 PTC and 59 normal thyroid samples (21) . In the present study, miR-486-5p expression data, as well as clinicopathological features from PTC vs. normal thyroid samples, were extracted from TCGA by the end of October 1, 2017. Follow-up cases over a 5-year period from October 1, 2012 were also included. The expression data for miR-486-5p were log2 transformed and values <1 were censored. Student's t-test was conducted to compare the expression levels of miR-486-5p in 507 PTC and 59 normal thyroid samples, as well as the association between miR-486-5p expression and the clinical parameters from TCGA. The cut-off value for high and low miR-486-5p mRNA expression was based on median expression in the PTC group. Receiver operating characteristic (ROC) and summary receiver operating characteristic (SROC) curves were generated to evaluate the accuracy of miR-486-5p in identifying cancer and normal tissue. Kaplan-Meier (K-M) analysis and log-rank test were used to assess the prognostic value of miR-486-5p. SPSS version 22.0 (IBM Corp., Armonk, NY, USA) was utilized for statistical analyses and P<0.05 was considered to indicate a statistically significant difference.
Validation of miR-486-5p expression using GEO (38) . The software supports enrichment analysis of GO terms, including those involved in biological process, cellular component and molecular function, which can also be visualized. The results were considered statistically significant when the false discovery rate (FDR) was <0.05. The Database for Annotation, Visualization and Integrated Discovery (DAVID) version 6.8 (https://david. ncifcrf.gov/) and STRING version 10.5 (https://string-db.org/) were used for Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis (39, 40) . Genes in the top KEGG pathway were considered to be miR-486-5p hub genes.
Validation of the hub gene expression levels and their relationship with miR-486-5p.
The cBioPortal for Cancer Genomics (http://www.cbioportal.org/), which is a public resource for large-scale cancer genomics data, was used to explore hub gene expression in PTC tissues (41) . To ascertain the correlation between miR-486-5p and hub genes, a Pearson's correlation analysis was conducted; P<0.05 was considered to indicate a statistically significant difference. The expression of the hub genes in PTC and normal thyroid tissue was examined by immunohistochemistry via The Human Protein Atlas (http://www.proteinatlas.org/) (42) . (Table I) . Subsequently, the prognostic value of miR-486-5p expression was investigated. The K-M survival curves indicated that the median overall survival (OS) for the high expression group was 1,443 days, whereas the median OS for the low expression group was 1,015 days. The curves suggested that PTC cases with higher miR-486-5p expression levels were likely to have an improved clinical outcome. However, there was no statistically significant difference in the OS [log-rank P=0.355; hazard ratio (HR)=0.617; 95% CI: 0.221-1.718; Fig. 2A ] and the disease-free survival (DFS) (log-rank P=0.132; HR=0.454; 95% CI: 0.162-1.269; Fig. 2B ) of samples with high vs. low expression levels of miR-486-5p (cut-off =8.469). Therefore, the ability for miR-486-5p expression to predict OS and DFS is limited. Table I . Association between miR-486-5p expression and clinicopathological factors in PTC. Verification of miR-486-5p downregulation in PTC using GEO and ArrayExpress data. GSE40807, GSE57780, GSE62054 and GSE73182 were obtained from the GEO database, which provided miR-486-5p expression levels in 77 PTC and 56 normal thyroid tissues (Fig. 3) Fig. 4A ). To evaluate the ability of miR-486-5p to distinguish cancer from normal thyroid samples, ROC curve analyses were performed. The AUC values for miR-486-5p calculated using the GSE40807, GSE57780, GSE62054, GSE73182 and E-MTAB-736 datasets were 0.684 (P<0.001; cut-off ≤7.217; Fig. 3B ), 1.000 (P<0.001; cut-off ≤10.747; Fig. 3D ), 0.746 (P= 0.036; cut-off ≤5.644; Fig. 3F ), 0.884 (P<0.001; cut-off ≤9.779; Fig. 3H ) and 0.867 (P<0.001; cut-off ≤8.203; Fig. 4B ), respectively.
Results

Downregulated
Further verification of miR-486-5p downregulation in PTC using SMD and SROC. miR-486-5p expression data from TCGA, GEO (GSE40807, GSE57780, GSE62054 and GSE73182) and ArrayExpress (E-MTAB-736) were combined for meta-analysis, which included a total of 603 PTC and 125 normal tissue samples (Table II) . The pooled SMD of miR-486-5p was -1.358 [95% CI, -1.950-(-0.766); P<0.001; Fig. 5A ] by the random effects model, and the P-value of the heterogeneity test was 0.001 (I 2 =75.6%). From meta-analysis, the AUC of the SROC was 0.84 (95% CI, 0.81-0.87; P<0.001; Fig. 5B ).
Prediction of miR-486-5p target mRNAs and GO analysis.
From at least nine of the 12 miRNA target prediction databases, 80 mRNA targets of miR-486-5p were identified. To understand the biological function of miR-486-5p in PTC, GO enrichment analysis of genes encoding for miR-486-5p target mRNAs was performed in FunRich. 'Regulation of nucleobase, nucleoside, nucleotide and nucleic acid metabolism' (P=0.008; Fig. 6A 
Identification of miR-486-5p-regulated pathways.
The KEGG pathway enrichment analysis was performed on miR-486-5p-relevant genes using DAVID. The results revealed the most significantly enriched pathway was 'hsa05200: Pathways in cancer' with six genes including CRK like proto-oncogene (CRKL), C-terminal binding protein 2, forkhead box O1, phosphatase and tensin homolog (PTEN), phosphoinositide-3-kinase regulatory subunit 1 and tropomyosin 3 (TPM3) (P=0.010; Fig. 7 ). In addition, protein-protein interaction network analysis was performed on the 80 relevant genes using STRING: 'hsa05206: MicroRNAs in cancer' was identified, with six genes including CRKL, pim-1 proto-oncogene, sirtuin 1, PTEN, SRY-box 4 and TPM3 (Fig. 8) . The three common genes (CRKL, PTEN and TPM3) of the 'hsa05200: Pathways in cancer' and 'hsa05206: MicroRNAs in cancer' pathways from the analyses were considered hub genes (Fig. 9A) .
Validation of hub genes. To validate the relationship between miR-486-5p and the hub genes CRKL, PTEN and TPM3, their gene expression levels were examined using the cBioPortal for Cancer Genomics. The expression levels of the three hub genes (CRKL, PTEN and TPM3) in PTC were markedly higher than in non-cancerous thyroid samples (Fig. 9B ). Pearson's correlation analysis was performed to assess the relationship between miR-486-5p and the hub genes. A statistically significant negative correlation between miR-486-5p and CRKL (r=-0.111; P=0.013; Fig. 9C ) and TPM3 (r=-0.089; P=0.044; Fig. 9D ) was observed. Finally, the protein expression levels of CRKL, PTEN and TPM3 in PTC tissues were visualized using immunohistochemical staining images from The Human Protein Atlas database. In line with the gene expression data, protein expression of CRKL, PTEN and TPM3 was increased in PTC compared with in normal thyroid tissue (Fig. 10) .
Discussion
In the present study, significantly decreased expression levels of miR-486-5p in PTC were demonstrated by analysis of TCGA, GEO (GSE40807, GSE57780, GSE62054 and GSE73182) and ArrayExpress (E-MTAB-736) data, which included 603 PTC and 125 normal thyroid tissue samples. Downregulation of miR-486-5p was associated with cancer stage, pathological lymph node, metastasis, neoplasm and disease recurrence, all of which are clinical indicators of poor disease outcome. SROC curve analysis of miR-486-5p data from TCGA, GEO (GSE40807, GSE57780, GSE62054 and GSE73182) and ArrayExpress (E-MTAB-736) demonstrated that expression levels could provide high diagnostic value for PTC with an AUC of 0.84 (95% CI: 0.81-0.87). In addition, downregulation of miR-486-5p in patients with PTC may lead to worse Figure 3 . Relative miR-486-5p expression levels in PTC and normal tissue using the datasets (A) GSE40807, (C) GSE57780, (E) GSE62054 and (G) GSE73182. ROC curve analysis of miR-486-5p in discriminating PTC from normal controls using the datasets (B) GSE40807, (D) GSE57780, (F) GSE62054 and (H) GSE73182. miR, microRNA; PTC, papillary thyroid carcinoma; ROC, receiver-operating characteristic.
OS. The biological functions of miR-486-5p in facilitating the onset and progression of PTC were also explored. The potential miR-486-5p target mRNAs were found to be enriched in diverse signaling pathways, including 'hsa05200: Pathways in cancer' and 'hsa05206: MicroRNAs in cancer'. Furthermore, three hub genes, CRKL, PTEN and TPM3, were identified, all of which were notably upregulated in PTC samples based on analysis using the cBioPortal for Cancer Genomics. Therefore, it may be hypothesized that downregulated miR-486-5p serves as a clinical biomarker for PTC and exerts a potential biological role in progression of the disease.
There is accumulating evidence suggesting that aberrant miRNA expression levels contribute towards PTC development and progression. Several studies have identified a crucial role for miR-486-5p during onset and progression of various types of cancer; for example, miR-486-5p is markedly downregulated in non-small cell lung cancer, osteosarcoma, breast cancer, myxoid liposarcoma and pancreatic ductal adenocarcinomas (43) (44) (45) (46) (47) . Conversely, miR-486-5p is upregulated in chronic myelocytic leukemia and myeloid leukemia of Down syndrome (48, 49) . Therefore, miR-486-5p may be differentially expressed depending on cancer type. To the best of our knowledge, only one study has explored miR-486-5p expression levels in PTC. Ma et al (50) demonstrated that miR-486-5p was predominantly downregulated in PTC tissues and cell lines, whereas miR-486-5p upregulation resulted in suppression of proliferation and growth by targeting FBN1. However, a limitation to this study is that it only analyzed 20 paired PTC and normal thyroid samples by reverse transcription-quantitative polymerase chain reaction (50) . In the present study, integration of results from multiple studies via bioinformatics analysis revealed that miR-486-5p expression levels were decreased in PTC, and may have diagnostic and prognostic value for patients with PTC. Further investigations in vivo and in vitro are required to identify the underlying molecular mechanism of miR-486-5p in PTC. Exploring miR-486-5p expression levels in neoplastic tissues from patients with PTC will aid in understanding its clinical value. m i R-4 86 -5p is up r eg u lat e d by m i R-6 6 0 -5p v i a t h e m i R-6 6 0 -5p -m o u s e d o uble m i nut e 2 homolog-proto-oncogene-p53 axis in lung cancer (51) . In gastric cancer, miR-486-5p acts as a tumor suppressor and its downregulation facilitates tumor growth by increasing transcription of the anti-apoptotic factor, olfactomedin 4 (52). Similarly, miR-486-5p enhances hepatocellular carcinoma chemosensitivity to sorafenib and regulates metastasis by targeting citron rho-interacting serine/threonine kinase and claudin 10 (53). In vitro, Borjigin et al (46) revealed that the FUS RNA binding protein-DNA damage inducible transcript 3 fusion protein suppressed miR-486-5p expression leading to induction of plasminogen activator inhibitor-1 expression in human myxoid liposarcoma. Overall, these results suggest that miR-486-5p may act as a tumor suppressor in various types of cancer. However, most of the aforementioned studies only investigated individual mRNA targets of miR-486-5p, whereas the present study utilized pathway enrichment and network analysis to identify possible targets of miR-486-5p. Certain target genes were associated with 'Regulation of nucleobase, nucleoside, nucleotide and nucleic acid metabolism', 'Cytoplasm' and 'RNA binding' in the GO functional enrichment analysis. Notably, the three genes CRKL, Table II . Microarray and RNA sequencing datasets. PTEN and TPM3 were identified in both 'hsa05200: Pathways in cancer' and 'hsa05206: MicroRNAs in cancer' through KEGG pathway enrichment analysis; therefore, these genes may be essential to the pathogenesis and progression of PTC. CRKL encodes for a substrate of the BCR-ABL proto-oncogene fusion gene, and has a pivotal role in fibroblast transformation and may be oncogenic (54) . Yang et al (55) reported that CRKL is associated with cervical lymph node metastasis and invasion of capsules in PTC, which has clinical implications on treatment. PTEN acts as an oncogene and is highly prevalent in various cancers (56) (57) (58) . Fang et al (59) demonstrated that ribonucleotide reductase catalytic subunit M1 induces PTEN expression and decreases Akt serine/ threonine kinase phosphorylation in a ribonucleotide reductase activity-independent manner in PTC. In addition, Zhao et al (60) demonstrated that PTEN mRNA levels may serve as a biomarker for PTC onset and act as a molecular diagnostic index. TPM3 encodes a member of the tropomyosin family of actin-binding proteins and is frequently involved in genetic rearrangements resulting in fusion with the neurotrophic tyrosine kinase receptor type 1 (NTRK1) gene, which then acts as an oncogene (61) . Numerous studies that have demonstrated the association of NTRK1 with genetic rearrangements in PTC (62, 63) .
Notably, CRKL, PTEN and TPM3 were more highly expressed in PTC, and the results suggested that these genes may be regulated by miR-486-5p, whose expression is lower in PTC. It may be hypothesized that CRKL, PTEN and TPM3 have an important role in PTC and are potential molecular targets in the clinic. Nevertheless, in silico target gene prediction algorithms have limited specificity, and further in vitro and in vivo investigations are required to confirm the function of miR-486-5p in PTC.
In conclusion, the present study revealed that the expression of miR-486-5p was significantly downregulated in PTC. The clinical implications of miR-486-5p were also evaluated using results from multiple datasets. Bioinformatics analysis was performed to elucidate the molecular mechanisms of miR-486-5p in facilitating the onset and progression of PTC. Three hub genes CRKL, PTEN and TPM3, were identified, which may be potential targets of miR-486-5p in PTC. The clinical importance of miR-486-5p in PTC and its underlying molecular mechanisms require further investigation; however, the results indicated that miR-486-5p may be involved in the pathogenesis of PTC.
